Cellulosic ethanol production by combination of cellulase-displaying yeast cells.
As an effort to find suitable endoglucanases to generate cellulolytic yeast strains, two fungal endoglucanases, Thermoascus aurantiacus EGI and Trichoderma reesei EGII, and two bacterial endoglucanases, Clostridium thermocellum CelA and CelD, were expressed on the yeast surface, and their surface expression levels, pH- and temperature-dependent enzyme activities, and substrate specificities were analyzed. T. aurantiacus EGI showed similar patterns of pH- and temperature-dependent activities to those of T. reesei EGII which has been widely used due to its high enzyme activity. Although EGII showed higher carboxymethyl cellulose (CMC) degradation activity than EGI, EGI showed better activity toward phosphoric acid swollen cellulose (PASC). For ethanol production from PASC, we combined three types of yeast cells, each displaying T. aurantiacus EGI, T. reesei CBHII (exoglucanase) and Aspergillus aculeatus BGLI (β-glucosidase), instead of co-expressing these enzymes in a single cell. In this system, ethanol production can be easily optimized by adjusting the combination ratio of each cell type. A mixture of cells with the optimized EGI:CBHII:BGLI ratio of 6:2:1 produced 1.3 fold more ethanol (2.1g/l) than cells composed of an equal amount of each cell type, suggesting the usefulness of this system for cellulosic ethanol production.